Abstract With the development of modern international medicine, the subject of disorders of consciousness (DOCs) has begun to be raised in mainland China. Much progress has been made to date in several specialties related to the management of chronic DOC patients in China. In this article, we briefly review the present status of DOC studies in China, specifically concerning diagnosis, prognosis, therapy, and rehabilitation. The development of DOCrelated scientific organizations and activities in China are introduced. Some weaknesses that need improvement are also noted. The current program provides a good foundation for future development.
Introduction
Five decades or so ago, several states of disorders of consciousness (DOCs), such as the vegetative state/unresponsive wakefulness syndrome (VS/UWS), minimally-conscious state (MCS), and locked-in syndrome (LIS), were specifically described and gradually named [1] [2] [3] . Since then, a long and intense debate has been provoked among clinical scientists, health professionals, and even moral philosophers and lawyers, because there is an apparent dissociation between awareness and wakefulness -two cardinal elements of consciousness. For example, patients in a VS appear to be awake with eye-opening but lack any sign of a working mind dealing with either themselves or the environment, while patients in MCS exhibit signs of awareness with some fluctuating but reproducible behavior while remaining unable to functionally communicate or use objects.
Patients with DOCs face major challenges in diagnosis, prognosis, treatment, and rehabilitation. In the clinic, since it is not always easy to detect meaningful mental activity related to consciousness, the diagnosis of DOCs is currently based on the observed behavior. However, misdiagnosis often occurs because the behavior is frequently temporary and voluntary behaviors are limited in severely brain-damaged patients. For example, one important retrospective clinical study has demonstrated that 40% of patients with a diagnosis of VS may be misdiagnosed, retaining some level of consciousness [4] . In the last few years, as a result of rapid technical developments, several state-of-the-art neuroimaging methods have greatly improved the investigation of consciousness-related neural activity. Researchers have generally agreed that consciousness depends on the integrity of sufficient thalamocortical and intercortical connections [5] . Therefore, evaluating the remaining extent of the structural and functional integrity of the brain by neuroimaging techniques, as well as by some neuromodulation techniques, can provide additional information on the diagnosis, prognosis, and therapeutic interventions in patients with DOCs [5] [6] [7] .
Since the early stage in the 1990s, the term persistent VS (PVS), as well as other terms related to DOCs such as MCS and LIS, have been gradually introduced into China, and increasing numbers of Chinese investigators have realized the importance of this subject. Now, a Chinese version of the diagnostic criteria for PVS has been proposed, and DOC-related neuroimaging research has been carried out by increasing numbers of Chinese researchers. Complex treatments with traditional Chinese Medicine (TCM) and Western medicine have also been gradually developed. To further accelerate the understanding of DOCs in China, some Chinese scientific organizations and activities have emerged in the last few years. Therefore, the field of DOCs in China has begun to develop a sound momentum.
In this article, we review the present status of DOC studies in China against the background of developments in modern international medicine, specifically concerning diagnosis, prognosis, therapy, and rehabilitation.
Diagnosis and Prognosis Diagnosis
The diagnosis of DOCs is largely based on behavioral responses to commands. Numerous clinical scales have been developed in Europe and the USA to help assess the levels of wakefulness and awareness before a diagnosis can be confirmed, including the Coma Recovery Scale-Revised (CRS-R) [8] , Glasgow Coma Scale [9] , Sensory Modality Assessment and Rehabilitation Technique [10] , Wessex Head Injury Matrix [11] , Reuth DOC Response Assessment [12] , Sensory Tool to Assess Responsiveness [13] , and Motor Behavior Tool [14] . Among these, the CRS-R is the most widely used standardized tool that includes the diagnostic criteria for coma, VS/UWS, and MCS and is based on the presence or absence of behavioral responses to specific sensory stimuli. It includes six subscales that address auditory, visual, motor, oromotor, communication, and arousal functions, which are summed to yield a total score ranging from 0 to 23. Nevertheless, the diagnosis of VS/UWS and MCS is particularly challenging because the behavioral responses may be very low, inconsistent, and unreliable; for instance in cases where the sensory or cognitive systems are impaired by brain injury [5] . Evidence has shown that the CRS-R should be administered to patients several times over a short period, such as five times a week, in order to avoid misdiagnosis due to fluctuations of arousal [15] .
Going back to the history of China, although there was no concept of DOCs in ancient China, TCM has recorded several relevant expositions for diagnosis, such as shenhun (神昏"mental confusion"), hunkui (昏愦"dote"), and hunmi (昏迷"coma"). The Neijing (内经), the earliest Chinese medical classic written during the time of the warring states 2,200 years ago, describes relevant symptoms (Fig. 1) . Later, more enriched descriptions can be found in WenbingTiaobian (温病条辨) and LeizhengZhicai (类证治裁). In modern times, according to TCM theory, Xi et al. [16] also classified DOCs into two categories: Shi and Xu syndrome (excess and deficient syndrome), and five subtypes (phlegm and static blood blocking orifices, phlegm heat obstructing lung, wind phlegm blocking orifices, deficiency of Qi and blood, and kidney blight orifices). After the initial diagnostic criteria for PVS were reported by the US Multi-Society Task Force in 1994 [17] , the first definition of the diagnostic criteria and scale for PVS in China was developed in 1996 [18] . This scale included six subscales: command following, language, limb movement, eye movement, swallowing, and emotional response [19] , and was revised in 2001 and 2011, under the name Chinese Nanjing PVS scale (CNPVSS), with the integrated electroencephalography (EEG) and somatosensory evoked potentials [20] . However, the CNPVSS is not yet widely used. Actually, in Chinese clinical situations, a diagnosis of DOC still mainly relies on scales developed in other countries. For example, Di et al. have completed a Chinese translation of the CRS-R [21] . Other hospitals, like the PLA Army General Hospital, uses the CRS-R translated by themselves. Nowadays, CRS-R is widely recognized as the standard criteria in China.
Although bedside behavioral assessments remain the gold standard for the diagnosis of DOCs, neuroimaging and other techniques have the potential to characterize levels of consciousness [22, 23] and automatically differentiate VS/ UWS from MCS [24] , and these could benefit clinical diagnosis (see reviews [6, 7, 25] for details). Particularly, the Perturbational Complexity Index has been proposed to quantify the complexity of brain responses to transcranial magnetic stimulation (TMS) pulses using EEG, and has proved to be a reliable tool to discriminate various levels of consciousness at an individual level, including VS/UWS, MCS, and LIS [26, 27] .
Chinese clinical and research centers have made great efforts to use neuroimaging techniques to assist accurate diagnosis of DOCs. The advances in diagnostic techniques using functional magnetic resonance imaging (fMRI), diffusion MRI (dMRI), and EEG are reviewed below.
fMRI
Qin and colleagues recruited 56 UWS/VS and 29 MCS patients from Huashan Hospital, Fudan University, Shanghai and evaluated the strength of functional connectivity in their salience network (i.e., connectivity between the supragenual anterior cingulate cortex and left anterior insula). They found that the functional connectivity in the salience network was lower in the UWS/VS than in the MCS patients, showing that connectivity in the salience network correlates with behavioral signs of consciousness [28] . Another study, recruited 14 coma, 18 VS/UWS, 27 MCS and 40 controls from Huashan Hospital, and found decreased strength of functional connectivity with loss of consciousness, mainly distributed in the posterior cingulate cortex/precuneus, medial prefrontal cortex, and lateral parietal cortex. However, they did not find any significant difference between VS/UWS and MCS patients [29] . In addition, a study that combined VS/UWS and MCS patients found disrupted functional connectivity between the default mode network and the thalamus [30] . dMRI dMRI offers a unique opportunity to detect subtle structural damage in white matter, one of characteristics of DOCs. A recent study recruited 30 DOC patients (8 comatose, 8 VS/ UWS, and 14 MCS) from Huashan Hospital and compared the dMRI parameters of 48 key white matter regions of interest across groups using analysis of covariance. The authors found the fractional anisotropy of the right corticospinal tract was significantly lower in VS/UWS patients than in MCS patients, and this tract was also significantly correlated with CRS-R scores [31] . Cui and colleagues recruited 21 VS/UWS and 29 MCS from the PLA Army General Hospital in Beijing, and found that the thalamus was represented mainly in the dorsal and posterior portions of the posteromedial cortex, and the white matter tracts connecting these subdivisions to the thalamus had less integrity in VS/UWS patients than in MCS patients and healthy controls [32] . In addition, a study that combined VS/UWS and MCS patients found white matter alterations in connections between the basal ganglia, thalamus, and frontal cortex [33] .
EEG
The EEG records electrical activity of the brain by measuring voltage fluctuations resulting from ionic currents within the neuronal populations. Researchers from Xuanwu Hospital quantified the degree of suppression in DOC patients using nonlinear EEG analysis. Specifically, they calculated several nonlinear EEG indices (Lempel-Ziv complexity, approximate entropy, and cross-approximate entropy) and found that the VS/UWS patients had the lowest indices followed by the MCS patients, while the controls had the highest [34] . This research suggested that EEG can be an indicator of the level of consciousness of patients with DOCs. In addition, a brain-computer interface (BCI) combining P300 and steady-state evoked potential responses has been proposed by researchers from South China University of Technology to assess awareness. They found command-following in all four healthy controls, two of 7 DOC patients, and one LIS patient, suggesting that the hybrid BCI system can be used as a supportive bedside tool to detect awareness in patients with DOCs [35] .
Prognosis
The prognosis is a fundamental concern for DOC patients, as medical treatment, rehabilitation therapy, and even ethical decisions depend on this information [36] . A DOC patient's prognosis can be considered according to three dimensions: survival/mortality, recovery of consciousness, and functional recovery [37, 38] . Several pioneering studies have suggested that the etiology, incidence age, and duration of DOCs are important indicators for the prognosis [17] . Specifically, patients with non-traumatic brain injury are expected to have a higher mortality rate and worse functional recovery than those with traumatic brain injury, and young patients are considered more likely to have a favorable outcome than older ones. In addition, several factors are associated with the outcome of DOC patients, including medical complications and nutrition.
Physicians and scientists have been seeking more accurate and objective prognostic markers for DOC patients [39, 40] . Some pilot models have been explored based on features of neurological examination [41] [42] [43] , abnormalities detected with EEG and evoked potentials [44] [45] [46] , anatomical and functional changes identified using computed tomography, positron emission tomography (PET), and magnetic resonance imaging (MRI) [47] [48] [49] [50] [51] , and physiological and biochemical disturbances at both the brain and body levels [52, 53] .
In China, researchers have investigated the predictive value of brain imaging for the prognosis of DOC patients, including structural MRI [54] and resting-state fMRI [29, 55] . The study [54] suggested that lesions in the thalamus, tegmentum, and tectum are factors of the greatest adverse prognostic significance in DOC patients after severe traumatic brain injury. Multivariate support vector machine discrimination analysis revealed that the functional connectivity strength patterns from the resting-state fMRI predict whether patients with VS/UWS and coma regain consciousness with an accuracy of 81.25% [29] . Another resting-state fMRI study showed that the functional connectivity between posterior cingulate cortex and left lateral parietal cortex in the default mode network predicts recovery of consciousness [55] . Since DOCs have many different causes, are associated with several neuropathological processes, and differ in severity, any method used alone carries a risk of false prediction [56, 57] , so hybrid prognostic models have been proposed [58, 59] . For example, motor response, type of brain injury, EEG reactivity, sleep spindles, and N20 were integrated to predict the recovery of awareness [58] . Recently, a combination of resting-state fMRI and clinical predicators has been reported to discriminate between patients who would later recover consciousness and those who would not with an accuracy of 90% on multiple independent datasets [59] .
Therapy and Rehabilitation
The primary goal of DOC treatment programs is to promote arousal while preventing secondary medical complications. Many different pharmacological and nonpharmacological interventions have been used to date; however, most of the available evidence for their effectiveness is limited by small sample sizes, uncontrolled study designs, or other methodological weaknesses. Consequently, there are no established standards of care to help guide clinical management [60] .
Treatment of DOCs has a long history in China. TCM has many kinds of approaches, which are totally different from those of Western medicine, such as many Chinese medicinal herbs and acupuncture physiotherapy. The most famous prescription is AngongNiuhuangWan (安功牛黄 丸) invented in the Qin Dynasty recorded in WenbingTiaobian. It is manufactured by Tongrentang (同仁堂), a timehonored pharmaceutical factory in Beijing. AngongNiuhuangWan has saved millions of people with acute and chronic cerebral diseases, including DOCs [61] . Clinically, TCM methods, as well as hyperbaric oxygen, have been carried out as traditional schemes [62] , but their efficacy is not good. In recent years, Chinese investigators have done a lot of useful work in tracking the latest international research trends and the application of new technologies. Neuromodulation therapies using electrophysiological techniques have contributed to the latest promising and growing field of therapeutic trials for DOC patients.
Neuromodulation

Deep Brain Stimulation
Deep brain stimulation (DBS) is an invasive technique that requires the surgical implantation of a stimulator. Thalamic and brainstem control of forebrain arousal is not a novel concept. This neurophysiological concept has led to the consideration of thalamic electrical stimulation to promote consciousness in DOC patients [63] .
The operation of DBS for DOCs in China started in 2011, carried out by the team of Director He Jianghong. In 2013, they reported 53 patients diagnosed with PVS from July 2011 to December 2012 [64] . After selection, 42 patients were enrolled (27 males and 15 females, mean age 42.9 ± 5.47 years). Patients in the surgical group received DBS (n=5) or spinal cord stimulation (SCS) (n=17), while patients in the control group (n=20) underwent routine rehabilitation. Behavioral assessments were repeatedly performed using CRS-R. Seven patients in the surgical group emerged from PVS to achieve consistent behavioral evidence of consciousness, giving a recovery rate of 35%, while only one from the control group did so, giving a recovery rate of 5.9%. Improvement in behavioral assessments (CRS-R scores) in the surgical group was significantly better than that in the control group. However, no significant difference in CRS-R scores was noted between patients receiving DBS and SCS. So far, 22 DBS operations have been performed by their team.
Spinal Cord Stimulation
Yamamoto et al. have reported SCS for DOCs from 1997 to 2017 [65] . Cervical SCS at 5 Hz caused increased cerebral blood flow (CBF) and induced muscle twitches of the upper extremities, and MCS patients showed remarkable recovery of consciousness and motor function in the upper extremities compared with the lower extremities. This SCS method could be a new neuromodulation and neurorehabilitation technique, and MCS patients may be good candidates for SCS therapy.
According to the literature, the earliest SCS for DOCs in China was carried out by Pei Baifeng in 1991 using dorsal column stimulation to treat one patient with VS [66] . In June 2011, Dong et al. from Tianjin Armed Police Hospital reported one case of VS with high cervical SCS [67] , a 46 year-old male who had been unconscious for 2 months after a car accident. The recovery time, EEG, evoked potential, cerebral blood perfusion after cervical SCS were investigated. The patient emerged from coma 2 months after SCS. The EEG gradually returned to normal (rhythm and evoked potential latency improved, and cerebral blood perfusion increased significantly). In 2014, Zhang et al. from Tianjin Huanhu Hospital also reported on a prolonged coma patient with SCS treatment. That was a case of a 30-year-old male who was unconscious for 3 months after a head injury. But there was no systematic behavioral score and objective evaluation index in this report [68] . At present, the largest number of SCS reports in China are from He and colleagues. Since 2011, this team has performed SCS operations for 113 cases. They have also evaluated the different effects of distinct SCS parameters on cerebral activity using neuroimaging and neurophysiological techniques, and optimized the SCS protocol. Bai et al. [69] and Si et al. [70] have evaluated the frequencyspecific effects of SCS using EEG and functional nearinfrared spectroscopy (fNIRS), respectively. They found that, SCS at 70 Hz and 100 Hz significantly increased hemodynamic responses in the prefrontal cortex [70] , and altered the relative power and synchronization in the delta and gamma bands [69] . SCS at 70 Hz also induced significant improvement in the functional connectivity between prefrontal and occipital areas [70] and significantly decreased the bicoherence within the delta band [69] . In addition, Zhang et al. evaluated the influence of the inter-stimulus interval (ISI) of SCS using fNIRS recording. They found that, even with a short stimulus duration (30 s), SCS induced significant cerebral blood volume changes in the prefrontal cortex, and the improvement was more marked with a shorter ISI [71] . This work, for the first time, implied that the ISI is an important factor for SCS.
Median Nerve Stimulation
Median nerve stimulation (MNS) began in China in 1997, by the Second People's Hospital of Suzhou [72] . They reported 7 cases of PVS treated with low-frequency, pulsed electrotherapy to stimulate the palms of both hands. Before and after treatment, the EEG and brainstem auditory evoked potential were measured. There were 3 cases with unconsciousness recovered while 4 remained unchanged. At present, MNS is also applied in acute-subacute DOCs by Gao and colleagues at Shanghai Huashan Hospital [73] . During 2005-2011, they enrolled a total of 456 patients, of whom 437 completed the treatment. They were randomly divided into control (216 patients receiving routine management) and treatment (221 patients receiving routine management plus right MNS) groups. The treatment lasted for [ 2 weeks [73] . CBF imaging and brainstem evoked potentials demonstrated significant improvement in the treatment group. A total of 386 patients were followed up for 6 months postoperatively. The patients in the treatment group showed a higher ratio of regained consciousness and a lower ratio of VS compared with the control group, but the ratio of MCS showed no statistical difference from the other two groups. They have now launched a multicenter randomized-controlled study of right MNS in Asia, covering more than 200 centers, which are being widely carried out in grass-roots hospitals throughout the country.
Transcranial Magnetic Stimulation
TMS provides neuromodulation by the application of rapidly-changing magnetic fields to the scalp via a copper coil connected to a magnetic stimulator. TMS is less invasive and more suitable for routine treatment than DBS, and may prove to be useful for identifying DOC patients who might benefit from a permanently implanted DBS device [74] . A case report has implied that TMS can mediate neurobehavioral gains in coma recovery [75] . Significant improvements have been found in both EEG power spectra and CRS-R scores by repetitive TMS (rTMS) but not peripheral nerve stimulation. Specifically, the patients demonstrated improved arousal, command following, and functional object use.
TMS was first applied in China in 1990. It has been widely used for the treatment of DOCs in the last 10 years. First was the team of Zhou et al. from Xuanwu Hospital. Recently, in a sham-controlled study [76] at the First Affiliated Hospital of Zhejiang University, 20-Hz and sham rTMS were applied over the left primary motor cortex of 5 patients in VS and 5 patients in MCS. The clinical behavior and CBF velocity in the bilateral middle cerebral artery (MCA) were evaluated before and after rTMS. Compared with the VS group, the MCS group exhibited significant increases in peak systolic velocity and mean flow velocity in the left MCA which were temporally related to the rTMS. In cooperation with Li et al. from Beijing Normal University, non-invasive neuromodulation therapies (mainly rTMS and transcranial direct current stimulation [tDCS]) have been carried out by He and colleagues at a relatively large scale of patient group in the Coma Center of the PLA Army General Hospital. They found that treatment with 10-Hz multisession rTMS applied to the left dorsolateral prefrontal cortex was promising for the rehabilitation of DOC patients in their latest study [77] .
Vagus Nerve Stimulation
Vagus nerve stimulation is another technique that can modulate functional brain activity. In the past year, it has been piloted in some domestic centers, such as Beijing Rehabilitation Hospital and the PLA Army General Hospital. At present, there are several surgical patients, but no specific report in the literature as there has not yet been enough time. In addition, at the PLA Army General Hospital and in collaboration with the China Academy of Chinese Medical Sciences, a patient with hypoxic-ischemic encephalopathy after cardiac arrest was treated with 4 weeks of transcutaneous auricular vagus nerve stimulation [78] . The CRS-R score was raised from 6 to 13, the clinical manifestations were clearly improved, and repeatable compliance movements appeared. The hemodynamic activity recorded by fMRI was significantly improved.
Transcranial Direct Current Stimulation
TDCS is a form of neurostimulation that delivers a low constant current to an area of the brain using scalp electrodes. Anodal tDCS elicits prolonged increases in cortical excitability and facilitates underlying regional activity, while cathodal tDCS has the opposite effect. Emerging data are available on the use of tDCS for transient improvement in consciousness in patients in MCS but not VS [79] . When used in conjunction with rehabilitation, tDCS may enhance cortical plasticity and recovery in patients with DOCs. Therefore, the ease of use, minimal risk of harm, and portability make tDCS as an additional intervention for the DOC population [80] .
Bai et al. reported that, after tDCS modulation, the frontoparietal coherence significantly increased in the theta band and decreased in the gamma band in MCS patients, but no significant changes were found in VS patients [81] . The coherence of responses was significantly correlated with the baseline CRS-R scores. No distinct changes occurred in sham sessions for either the MCS or VS patients [81] .
Pharmaceuticals
There are two categories of pharmacological treatment: nervous system depressants (zolpidem, lamotrigine, and baclofen) and stimulants (amantadine, amphetamine, apomorphine, bromocriptine, levodopa, methylphenidate, and pramipexole). The best results are seen with zolpidem, an imidazopyridine or non-benzodiazepine hypnotic that works by selectively stimulating GABAA receptors (BZ-1 or omega 1 subtype). Only amantadine hydrochloride has been convincingly shown to accelerate the pace of recovery in patients with post-traumatic DOCs [82] .
But at present, there are few systematic studies of emerging pharmaceuticals in China. AngongNiuhuangWan, invented in the Qin Dynasty as noted earlier, is a famous prescription for the treatment of DOCs. Other pharmaceutical research has mainly focused on Xingnaojing, monosialic ganglioside, and Nalmet. Regular randomized controlled studies are lacking.
A study at Shenzhen People's Hospital [83] has investigated the effect of zolpidem in promoting the awakening of patients from PVS and has attracted much attention in China. This report showed that, after treatment with zolpidem, the cerebral state index and electromyogram index were significantly increased, and cerebral perfusion in the injured brain regions was significantly improved in all the patients as compared with that before treatment. Awakening was achieved in 3 patients, who were capable of simple communication 30 min after zolpidem administration, and of simple calculations and lower limb flexion and extension 2 days later.
Hyperbaric Oxygen Treatment
Hyperbaric oxygen treatment (HBOT) has been proposed for patients with DOCs on the hypothesis that improve the perfusion of damaged brain structures and help to protect the penumbra from secondary ischemic damage [84] . The results of a prospective randomized clinical trial and an observational study [85, 86] have provided some evidence that HBOT increases cerebral metabolism and cerebral blood flow while decreasing intracranial pressure and cerebrospinal fluid lactate levels.
HBOT in China began in the 1880s, and Wang et al. [87] reported 168 PVS cases treated with hyperbaric oxygen in 1998, along with a relatively early review of the literature on its efficacy. The Hyperbaric Oxygen Medical Association of the Chinese Medical Association formally approved the establishment of the Brain Resuscitation Research Center on October 16th, 1992. HBOT has been carried out all over the country, and the numbers of patients have increased considerably. However, there are still controversies about the window period and treatment times of HBOT for DOCs, and related studies are rarely found in other countries. To solve this issue, in 2015, a metaanalysis comprehensively evaluated the Chinese literature to systematically review the curative effects and time window of HBOT for PVS [88] . In this study, all articles about hyperbaric oxygen for PVS from January 1990 to December 2013 were retrieved from the China National Knowledge Internet. The search terms yielded 165 articles and 19 were included in the final analysis of treatment efficacy; the treatment group included 939 patients and the control group included 659 patients. Data from articles were pooled and analyzed, and the results showed that the effective rate in the treatment group was 67.51% and in the control group 34.45% [88] .
Traditional Chinese Medicine
TCM has a long history of DOC treatment, but there is no scientific literature. In 1994, Zhang et al. [89] reported 19 PVS cases treated with meridian leveling therapy. In February 1996, Wang [90] used TCM as the main method to treat 10 PVS patients. In 2000, Wang et al. [91] used acupuncture as the main method to treat PVS patients after brain injury, and evaluated the effect of strong acupuncture stimulation at 12 Jing-well points. Furthermore, another theoretical and clinical study called "three-dimensional five senses awaking treatment of persistent vegetative state (PVS)" [92] has been shown to have a certain effect on DOC patients.
Comprehensive Rehabilitation
Neurorehabilitation uses standardized assessments to measure the DOC level and focuses on recovery of consciousness, functional communication, and positioning and mobility. Physical and occupational therapy focusing on range of motion, positioning, and splinting are reasonable and low-risk strategies for maximizing the functional outcomes in DOC patients. There is also some evidence from case studies that specialized wheelchairs, positioning devices (e.g., head and foot rests), tilt tables, and weightbearing activities can aid in the correction of contractures, tonal issues, and promoting increased arousal [4] . While numerous studies have investigated the effectiveness of sensory stimulation and regulation, most were conducted over 20 years ago and none were methodologically sound enough to draw firm conclusions about the effectiveness or ineffectiveness of these treatments [93] .
Comprehensive rehabilitation refers to multi-sensory stimulation, body position, limb function training, and musical, light, and electrical as well as somatosensory stimulation. In June 1996, Yang [94] and other TCM doctors combined musical, light, and electrical stimulation to assess and summarize the clinical treatment of 104 PVS cases. Di et al. of Hangzhou Normal University used peripheral sensory stimulation to awaken DOC patients. Di cooperated with Caroline Schnakers in University of Liège, Belgium wrote a review about sensory stimulation program in the book of "Coma and Disorders of Consciousness" [95] . It introduces the theoretical principles underlying sensory stimulation programs for brain-injured patients, and discusses the limitations of this treatment and consider future directions for clinical research.
Conclusions and Perspectives
During the last twenty years of development and effort, the field of DOC studies has progressed greatly in China. On the one hand, following the footsteps of Western medical development, increasing numbers of clinical staff have been trained to conduct thorough behavioral assessments of patients according to the standard diagnostic criteria of DOCs. Comprehensive therapeutic approaches have also been widely applied. From diagnosis to prognosis and to therapeutic approaches, the management of chronic DOC patients in China has become increasingly evidence-based and standardized. On the other hand, Chinese investigators have carried out a lot of useful work in DOC-related neuroimaging research. Some of their studies investigating the predictive value of brain imaging for the prognosis of the DOC patients have been approved by international peers. Furthermore, in 2018, The Chinese Society of Consciousness and Disorders of Consciousness was founded as a branch of the Chinese Neuroscience Society; it aims to promote a multidisciplinary approach to DOC studies in China. At the same time, the Disorders of Consciousness Group was also founded by the Neural Repair Academic Committee of the Chinese Medical Doctor Association. This organization of clinicians aims to accelerate the development of treatment and rehabilitation for DOCs in China. Furthermore, a non-governmental organization, the Consortium of DOCs for Chinese doctors has also been established among [ 40 Chinese hospitals. All of the above organizations and consortia will push interdisciplinary studies of DOCs in China.
Although progress is evident, it should be stressed that the status quo of DOC studies in China is still in the fledgling stage. The number of experts on DOCs is still inadequate. There are no unified diagnostic criteria among all centers and diagnostic levels differ significantly. There are no accurate epidemiological data on DOCs in China, either. More than two-thirds of the Chinese population, especially in rural and minority areas, still do not have access to effective management services if they became DOC patients.
In future, it will be necessary to train many more young doctors in the management of DOCs by sending them to other countries to gain advanced skills and to rural areas in China for further practical experience. It is also important to unify the diagnostic criteria in Mainland China; this will improve nation-wide epidemiological investigations and scientific research on DOCs. Given the high misdiagnosis rate of VS/UWS and MCS, accurate identification of MCS is very challenging if it depends solely on behavioral responses to stimuli. The integration of neuroimaging techniques such as fMRI, dMRI, EEG, or PET may provide subjective markers that reflect the residual consciousness. The diagnostic criteria thus may be enriched and improved with these markers to facilitate accurate diagnosis. Prognosis also needs improvement. First, though many prognosis models have been proposed, a much larger cohort is needed for further validation. The number of patients, in particular those patients who later recover consciousness, is relatively low. Second, DOCs have many different causes, are associated with several neuropathological processes, and differ in severity, such that any method used alone carries the risk of false prediction, so hybrid prognostic models should be more promising. Third, the development of good prognostic models requires convergence of diverse disciplines, especially biology, medicine, and informatics. The development of new imaging and data analysis technologies has revolutionized our ability to measure and understand DOCs.
The management of DOCs remains challenging for all countries in the world because of the superficial understanding of the neural mechanisms of consciousness to date. We hope that, on the basis of the huge number of DOC patients in China, the growth of DOC studies in China will improve the international development about DOC studies.
